Increasing growth rate of Salmo trutta caspius by selection (Phase 1) by Yousefian, Mehdi et al.
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DNA
PCRHo 
STRUTTA58 , STRUTTA12  HeHo
2X
OM24OM24 
Nei 
 (Salmonidae)
Salmo truttaSalmo trutta 
caspius

 Phylum: Chordata  
Class: Osteichthyes  
Order: Salmoniformes  
Family: Salmonidae (Rafinesque, 1815)  
Genus: Salmo (Linnaeus, 1758)  
Species: Salmo trutta (Linnaeus, 1758) 
Salmo trutta caspius (Kessler, 1877); Salmo trutta caspius (Kavraiskii, 1897); Salmo trutta labrax (Berg, 
1916); Salmo fario caspius (Derzhavin, 1934); Salmo caspius (Derzhavin, 1939) 
Common names: Russian: kaspiiskiy losos; Kazakh: kaspiy albarty; Turkmenian: Kaspi azatmahysy (Kumja); 
Azerbaijani: gyzyl balyg, azatmai, karagez, albat; Iranian: Azat-mai; English: Caspian trout 
X
Sea trout
Black sea trout
Brown trout
Lake trout
(Salmo trutta caspius)
(Salmo trutta fario)
(Oncorhynchus mykiss)
                                                
 
1 Salmo trutta trutta 
2 Salmo trurra labrax 
3 Salmo trutta fario 
4 Salmo trutta lacustris 
 
(Salmo trutta)
(Gordon, 1959)
AcclimatizeFor establishing a recreational fishery
(Harache, 1988)
(resident)
(Tasmania)(Walker, 1988)(Boeuf and Medina, 1991)
SubantaroticKerguelen archipelago(Davaine et al., 1982)
(Krieg and Guyomard, 1985; Guymard, 1989)
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 Atlantic salmon
(FAO 2001)Salmo truntasalmo
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PCR
Strutta12 AAATCTCAAATCGATCAGAAG 
AGCTATTTCAGACATCACC
c
 
Strutta58AACAATGACTTTCTCTGAC 
AAGGACTTGAAGGACGAC c
 
Ots108TCTGTTTATCTTTCTATTA 
AAGGAGAGACAGAGGG c
Nelson and 
Beacham (1999)  
OtsG474TTAGCTTTGGACATTTTATCACAC 
CCAGAGCAGGGACCAGAAC 
(GATA)6 
c
Ots100TGAACATGAGCTGTGTGAG 
ACGGACGTGCCAGTGAG c
Nelson et al. 
(1998)  
Otsg83TAGCCCTGCACTAAAATACAGTTC 
CATTAATCTAGGCTTGTCAGCAGT 
(TGTC)7-N51-
(TATC)34 c
OtsG 409 
GTAGCCATTTGTGTCACCATCATT 
CATTCTCCTGCCTCACAGAGTTTA  
(GA)9(TAGA)6-
GGTA-
(GATA)16 c
OmyF AGATTTACCCAGCCAGGTAG 
CATAGTCTGAACAGGGACAG  c
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0.0
50.0
100.0
150.0
200.0
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3
10
9
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5
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 (g)
30 1.79 0.38 1.19 2.67 
30 1.48 0.39 1.04 2.53 
30 1.42 0.48 0.7 2.99 
30 0.99 0.25 0.7 1.7 
30 1.27 0.5 0.09 2.19 
30 1.38 0.3 0.56 2.03 
30 1.04 0.29 0.53 1.8 
30 0.82 0.17 0.52 1.32 
30 1.12 0.14 0.85 1.4 
30 0.63 0.11 0.37 0.86 
30 1.1 0.3 0.72 1.89 
30 0.81 0.17 0.44 1.18 
25 0.56 0.11 0.32 0.8 
27 0.8 0.09 0.64 0.95 
26 0.58 0.12 0.38 0.92 
26 0.59 0.16 0.35 1.18 
30 0.55 0.17 0.26 0.91 
30 0.55 0.09 0.35 0.71 
28 0.42 0.06 0.31 0.54 
29 0.38 0.11 0.24 0.69 
29 0.47 0.09 0.23 0.62 
29 0.52 0.07 0.4 0.7 
 29 0.32 0.07 0.2 0.49 
28 0.37 0.09 0.22 0.52 
28 0.35 0.07 0.23 0.49 
29 0.41 0.1 0.18 0.6 
28 0.43 0.1 0.3 0.76 
(g)
30 5.59 0.39 5 6.2 
30 5.2 0.61 4.4 6.3 
30 5.01 0.5 4.1 6 
30 4.72 0.33 4.1 5.5 
30 5.17 0.54 4 6 
30 5.22 0.42 4 6 
30 4.66 0.38 3.6 5.3 
30 4.47 0.32 3.6 5.2 
30 4.84 0.33 4.2 5.3 
30 4.13 0.29 3.4 5 
30 4.78 0.34 4.2 5.8 
30 4.52 0.31 4 5.2 
25 3.64 0.24 3.2 4.2 
27 4.13 0.22 3.7 4.4 
25 3.74 0.75 0.42 4.6 
26 4.01 0.25 3.3 4.5 
30 3.93 0.41 3.1 4.8 
30 3.9 0.22 3.5 4.6 
28 3.74 0.15 3.5 4 
29 3.52 0.34 3 4.3 
29 3.77 0.24 3.2 4.2 
29 3.81 0.23 3.3 4.3 
29 3.4 0.29 2.9 4 
28 3.58 0.25 3.1 4 
28 3.48 0.27 3.1 4 
29 3.73 0.33 2.9 4.2 
28 3.71 0.26 3.3 4.3 
 (g)
27 5.72 1.18 3.45 9.06 
27 4.9 1.2 1.92 8.2 
27 5.54 1.45 3.6 9.65 
27 5.33 1.47 3.2 8.8 
27 5.25 1.59 3.16 9.95 
27 5.32 1.47 2.9 8.3 
27 5.06 1.47 2.4 8.9 
27 4.6 1.05 2.2 6.3 
27 4.72 1.08 2.6 8.3 
26 3.18 0.87 1.9 5.2 
27 6.26 1.59 3.2 9.35 
27 4.99 1.52 2.9 8.6 
27 3.77 0.86 2.05 5.35 
27 5.55 1.13 3.3 8.2 
27 5.05 1.99 2.36 9.8 
27 3.76 0.89 2.3 6.1 
27 4.45 1.53 2.33 8.02 
27 3.18 0.65 1.6 5 
27 2.62 0.6 1.52 3.5 
27 2.35 0.72 1 3.8 
27 3.18 0.84 1.25 4.72 
26 3.34 1.39 1.25 6.7 
26 2.75 0.64 1.62 4.58 
27 3.77 1.03 2.03 7.77 
27 4.98 1.25 3.25 9.58 
27 4.86 1.73 1.79 8.31 
23 5.81 1.47 2.43 8 
(g)
 
27 8.32 0.48 7.2 9.6 
27 7.82 0.7 6.1 9.8 
27 8.33 0.65 7.3 9.7 
27 8.2 0.74 6.6 9.7 
27 8.12 0.65 7.2 9.6 
27 8.14 0.75 6.8 9.7 
26 7.97 0.81 6.4 10 
27 7.35 0.66 5.3 8.5 
27 7.74 0.76 5.7 9.2 
26 6.88 0.53 5.8 8 
27 8.48 0.73 7 9.9 
27 7.99 0.91 6.9 10.4 
27 7.16 0.64 5.8 8.3 
27 10.76 13.65 7 79 
27 7.74 0.96 6 10 
27 7.22 0.47 6.2 8.3 
27 7.67 0.76 6.3 9.1 
27 6.82 0.61 5.1 7.8 
27 6.6 0.52 5.5 7.4 
27 6.37 0.51 5.4 7.3 
27 6.95 0.69 5 8.1 
26 6.59 0.81 5 8.6 
26 6.69 0.48 5.7 7.7 
27 7.31 0.42 6.1 8.2 
27 8.02 0.63 7 9.98 
27 7.85 0.83 6 9.4 
23 8.27 0.66 6.5 9.5 
 (g)
27 21.74 4.86 7 33 
27 21.44 8.01 4 44 
27 25.96 8.16 9 47 
27 17.33 4.25 7 24 
27 24.41 9.89 5 53 
27 32.81 10.33 21 53 
25 16.2 5.3 5 28 
26 14.62 3.97 8 26 
25 20.4 5.81 12 32 
24 13.08 2.8 5 19 
20 20.3 8.63 7 42 
24 19.43 4 13.2 27 
20 19.6 6.1 11 36 
21 30.1 6.69 9 37 
20 28.05 9.78 11 52 
20 19.85 6.77 12 38 
20 33 14.9 6 75 
20 12.25 4.69 5 21 
19 7.89 4.47 2 21 
24 8.75 2.85 4 17 
21 20.1 5.8 10 28 
19 21.42 4.34 14 30 
19 16.89 7.27 2 31 
19 26.58 69.47 4 313 
19 30.32 14.09 5 59 
19 25.05 8.86 11 43 
19 26.23 11.93 8 49 
(g)
 
27 13.42 1.16 9.5 15.5 
27 12.96 1.77 8 16 
27 13.51 1.59 9.5 16 
27 11.74 1.33 8 13.5 
27 13.43 1.9 8.5 18 
27 14.28 1.64 12 16.8 
25 11.08 1.38 8 14 
26 11.26 1.05 9.5 14 
25 12.93 1.08 11 15 
24 11.05 1.44 8.3 16 
20 12.44 1.93 8 16.1 
24 12.83 0.98 11 14.3 
20 12.44 1.19 9.7 14 
21 14.01 1.25 10 15 
20 13.58 1.67 10 17 
20 12.59 1.48 10.2 16 
20 14.67 1.97 9.5 17.2 
20 10.73 1.54 8 13 
19 9.4 1.5 7.5 13 
24 8.95 1.18 6.5 12 
21 12.13 1.35 9.2 13.9 
19 12.32 1.14 10.4 14 
19 11.66 1.59 7 14 
19 10.46 1.33 8.2 13 
19 14.39 2.51 8 17.5 
19 12.56 2.83 4 16 
19 16.01 7.44 8.4 36 
 (g)
16 127.06 15.34 100 155 
16 109.69 26.74 70 160 
17 124.41 16.09 95 160 
16 84.31 42.76 55 240 
15 138 26.51 90 170 
16 107.19 24.22 65 135 
15 105.67 33.9 55 165 
17 75.88 19.18 60 135 
17 150.35 28.93 97 215 
17 82.76 13.48 60 110 
18 105.56 22.16 75 140 
16 93.88 11.03 75 115 
18 84.72 27.2 25 140 
15 106.33 36.37 75 230 
17 99.65 27.05 65 165 
17 89.71 21.76 60 120 
15 123.6 24.67 75 165 
14 71 14.76 40 95 
15 74 14.42 55 100 
13 67.08 13.78 43 90 
13 79.62 23.49 60 130 
14 91.07 27.19 65 170 
14 76.79 24.18 44 110 
13 80.77 14.12 65 105 
14 117.93 27.96 85 175 
14 81.64 16.29 60 113 
14 113.21 16.83 85 155 
(g)
 
16 22.61 0.79 21 24.2 
16 33.67 49.73 15.2 220 
17 22.51 1.15 20 25 
16 19.74 2.13 17.2 27 
15 23.79 1.98 20.2 26.2 
16 21.45 1.67 19 24.5 
16 19.44 5.19 2 24 
17 18.49 1.75 16.5 23 
17 23.21 1.77 20 26.5 
17 23.91 19.37 17.5 99 
18 21.09 1.39 19 23.5 
16 20.38 1.01 18.5 22 
18 19.83 2.31 13.5 23 
15 20.77 2.14 18.5 27.5 
17 20.33 1.35 18.5 23 
17 20.61 1.6 18 23 
15 22.88 1.62 20.3 25 
14 19.5 1.24 16 21 
15 19.11 1.19 16.8 21.2 
13 18.25 1.26 16 20 
13 18.95 1.69 17 22.5 
14 20.05 1.66 18 25 
14 18.56 1.92 15 21 
13 19.32 1.76 15.5 21 
14 22.66 1.69 21 26 
14 19.64 1.26 17.5 21.5 
14 21.12 0.97 20 23.5 
 DNA
DNA
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DNADNA
PCR
DNADNA
DNA
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DNAnmnm
DNADNA
ng/lDNA
ng/ lPCR
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n
DisomicPCR
Strutta 12
 
Strutta 12
Strutta 58
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Otsg 108
N
Otsg 108
Otsg 474
PCR
Otsg 474
Otsg 83
PCR
Otsg 483
 
Otsg 409
PCR
Otsg 409
 Otsg 100
PCR
Otsg 100
Omyf
PCR
Omyf
STRUTTA12STRUTTA58OTSG108 OTSG474 OTSG483 OTSG429 OTSG100 Omyf 
 
0.111 0.148 0.222 0.148 0.019 0.241 0 0.111 
0.056 0.148 0.111 0.296 0.111 0.056 0 0.074 
0 0.074 0.333 0.167 0.093 0.13 0.093 0.185 
0.056 0.13 0.093 0.13 0.13 0.037 0 0.111 
0.370.093 0.13 0.148 0.093 0.093 0.074 0.148 
0.074 0.167 0.074 0.056 0.056 0.111 0.019 0.111 
0.037 0 0.019 0.056 0.13 0.093 0.056 0.167 
0.185 0.093 0.019  0.056 0.093 0.056 0.056 
0.074 0.037 0  0.222 0.148 0.074 0.037 
0.037 0.111 0  0  0.185  
    
0.093  0.167  
  
0.093  
0.185  
STRUTTA12STRUTTA58OTSG108 OTSG474 OTSG483 OTSG429 OTSG100 Omyf 
0.283 0.109 0.217 0.217 0.022 0.239 0.391 0.239 
0 0.109 0.022 0.239 0.022 0.022 0.022 0.13 
0.152 0.043 0.196 0.152 0.022 0.109 0.022 0.196 
0.1090.109 0 0.109 0.109 0 0.109 0.065 
0.217 0.152 0 0.13 0.152 0.087 0 0.174 
0 0.043 0 0.087 0.043 0.109 0.043 0.065 
0.13 0.065 0 0.065 0.065 0.087 0.043 0.043 
0.109 0.152 0.239  0.043 0.196 0.043 0.043 
0 0.109 0.065  0.304 0.152 0 0.043 
0 0.109 0.261  0.043  0.043  
0.174  0.109  
0  
0.174  
Omyf Otsg 100 Otsg 409 Otsg 483 Otsg 474 Otsg108 Strutta 58 Strutta12
188 112 100 140 140 112 148 144 
200 120 108 164 144 132 164 148
208 128 116 172 148 156 172 156 
212 156 120 146 152 212 180 160 
216 172 124 184 252 216 192 164 
228 176 128 192 156 236 236 176 
232 200 132 200 164 252 240 180 
240 220 140 204 172 264 260 184 
252 224 144 208  280 280 196 
232  212  292 284 224 
236  216     
252       
260       
 Allele Frequency
0.000
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0.200
0.300
0.400
0.500
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Locus1 Locus2 Locus3 Locus4 Locus5 Locus6 Locus7 Locus8
Locus
Fr
eq
u
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cy male
female
Children
STRUTTA12STRUTTA58OTSG108 OTSG474 OTSG483 OTSG429 OTSG100 Omyf 
0.241 0.093 0.167 0.056 0.019 0.074 0.111 0.185 
0 0.093 0 0.278 0 0.167 0.019 0.185 
0.111 0.111 0.13 0.222 0.056 0.204 0.13 0.185 
0.111 0.093 0 0.111 0.074 0.13 0.167 0.037 
0.204 0.111 0.019 0.204 0.204 0.093 0.056 0.13 
0.056 0.056 0.111 0.056 0.074 0.056 0.148 0.13 
0.111 0.093 0.167 0.074 0.13 0.093 0 0.037 
0.111 0.056 0.093  0.093 0.037 0.037 0.093 
0.037 0.148 0.037  0.111 0.074 0.056 0.019 
0.019 0.148 0.278    0.037  
      
0.093  
0  
0.148  
STRUTTA12
STRUTTA100OTSG474
(Na)(Ne)
OTSG100
OTSG483
NaNe
n=27 n =23 n =27 
 
Ne Na Ne Na Ne Na 
STRUTTA124.909 9 5.238 6 6.509 9 
STRUTTA588.011 9 8.817 10 9.17 10 
OTSG1084.893 8 4.64 6 5.809 8 
OTSG4745.481 7 5.944 7 5.207 7 
OTSG4837.839 10 5.911 11 7.881 10 
OTSG429 7.182 9 6.335 8 7.182 9 
OTSG1007.634 10 4.64 10 8.428 11 
Omyf7.634 9 6.373 9 6.75 9 
HoHe
Ho
OTSG474STRUTTA12He
OTSG108
OTSG100
SRUTTA12STRUTTA58HeHo
 (Ho) (He) 
n=27 n =23 n =27 
Ho He Ho He Ho He 
STRUTTA1
2
0.963 0.796 0.913 0.809 0.852 0.846 
STRUTTA5
8
0.63 0.875 0.826 0.887 0.815 0.891 
OTSG1080.889 0.796 0.652 0.784 0.63 0.828 
OTSG4740.222 0.818 0.348 0.832 0.37 0.808 
OTSG4830.852 0.872 0.739 0.831 0.815 0.873 
OTSG4290.815 0.861 0.739 0.842 0.778 0.861 
OTSG1000.778 0.869 0.652 0.784 0.741 0.881 
Omyf0.852 0.869 1 0.843 0.815 0.852 
shanon
shanon
STRUTTA58)(
STRUTTA12
n=27n =23n =27 
STRUTTA12 1.875 1.723 2 
STRUTTA58 2.129 2.23 2.257 
OTSG108 1.77 1.605 1.878 
OTSG474 1.811 1.858 1.772 
OTSG483 2.164 2.031 2.165 
OTSG4292.078 1.938 2.073 
OTSG100 2.144 1.866 2.233 
Omyf 2.102 1.996 2.005 
X2
OTSG483STRUTTA12
OM24OM24
Pop Locus DF ChiSq Prob Signif 
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 Abstract 
The management of genetically brood stocks of Salmo trutta of Caspian Sea in order to restocking for longe time 
harvesting and culture of fish in intensive system, has been little investigated, in contrast with European stocks. 
Salmo trutta Caspius is very important in biological and genetically point of view. This fish as gene bank valid 
for breeding improvement, hybridization and new cold species for culture, can be used. This study begain in 
2007 and lasted 3 years in Bahonar, kelardasht of Iran. The breeders were 27 pairs. Each female have been 
crossed by 3 male. Eggs and larvae as well as the fingerlings reared separately of each crosses. The best 
fingerlings of 5, 20 and 100 gram were collected after 3 period of challenge. At the final 300 brood stocks in two 
groups were remained and stocked for artificial propagation. 
For heritability estimation in 4 stages sampling the weight and length were measured and it was 0.47 and 0.50 
respectively. In case of molecular study the quality of DNA extract from the fin of breeders and their progeny by 
phenol-chloroform was good for PCR test. The heterosigosity test for Ho and He for each station and sites 
except for SRUTTA12 and STRUTTA59, the He was greater than Ho. Shaton Index and Hardy-Weinberg 
equilibrium for station and sites for male and progenies, the OM24showed deviation from H-W equilibrium. In 
case of similarity and genetic distance based on Nei (1972), the highest distance were in case of male and 
female, and were the least between fingerlings and male brood stocks. 
Key Word: Salmo trutta Caspius, Heritability, Genetic Parameter, Selection 
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